Background. International guidelines on hypertension management do not agree on whether patient characteristics can be used for the first choice of treatment of uncomplicated essential hypertension. Objective. We wanted to identify predictive patient characteristics to the response of two different classes of antihypertensive drugs in patients with newly diagnosed hypertension in primary care. Methods. We conducted a prospective, open label, blinded endpoint cross-over trial in 120 patients with a new diagnosis of hypertension from 10 family practices. Patients received 4 weeks of 12.5 mgr hydrochlorothiazide once daily and 4 weeks of 80 mgr valsartan once daily, each followed by a 4-week washout. The sequence of drugs was randomized. Age, sex and menopausal state were recorded at run in and 24 h ambulatory blood pressure, office blood pressure, plasma renin concentration, NT-proBNP, potassium, estimated glomerular filtration rate, urinary albumin, body mass index and waist circumference at each regimen change. The difference in systolic blood pressure response between both study drugs, calculated from mean daytime ambulatory blood pressures, was the main outcome measure. Results. Ninety-eight patients (52% female; median age 53 years) were eligible for per-protocolanalysis. None of the studied variables were predictive for the difference in systolic blood pressure response. Individual systolic blood pressure responses ranged from an increase by 18 mmHg to a decrease of 39 mmHg. Conclusion. In a relevant group of primary care patients with newly diagnosed hypertension, we were unable to detect predictors of treatment response. This study rather supports the United States and European guidelines than the United Kingdom and Dutch guidelines on hypertension.
Introduction
Several meta-analyses have demonstrated that on average all known classes of antihypertensive medication are equally effective in reducing blood pressure (1, 2) . However, some studies have confirmed what clinicians experience in daily practice: in individual patients treatment response can differ substantially from one antihypertensive class to the other (3, 4) .
This finding suggests that in 'essential hypertension' a more refined diagnostic subtyping may exist and favours the possibility of patient characteristics that could predict which antihypertensive drug works best in the individual patient. Application of a strategy using predictors of hypotensive response, may reduce polypharmacy, enhance treatment adherence and reduce costs (5, 6) .
Research in animals and humans suggests that several patient characteristics may have predictive qualities. Several characteristics have been studied, such as ethnicity (7) (8) (9) , plasma renin (4,10,11), NT-proBNP (3, 12) , potassium (13) , waistcircumference (14) , BMI (15) , sex (16, 17) , age (18, 19) and menopause (20) . International consensus is lacking on the use of an age cut-off in hypertension management. In the United States and the European guidelines, an age cut-off is lacking. Age as predictor is not mentioned at all in the US guideline; the European guideline specifically states 'no evidence is available that different choices should be made based on age or gender' (9, 21) . In contrast, the UK NICE guideline has advocated the use of an age cut-off in the treatment algorithm (the A/CD rule) (22). In 2012, this rule has been adopted by the Dutch Guideline on Cardiovascular Risk Management. The rule advises in patients younger than 55 years to start treatment with an ACE inhibitor or ARB ('A') whereas in patients of 55 years and older CCB's should be the first choice medication (or diuretic as alternative, 'CD'). The NICE recommendation is based on the pathophysiological assumption that at least part of the patients with uncomplicated essential hypertension can be divided in low renin (salt sensitive or 'volumedriven') and high renin (vasoconstrictive) hypertension (18, 23) . Core evidence for the A/CD rule comes from a study demonstrating that plasma renin activity declines with age (18) and clinical data from two cross-over trials (3, 4) and one randomized controlled trial (24) suggesting that age can be regarded as surrogate for plasma renin and as such as predictor of treatment response.
Because hypertension is diagnosed and managed most often in primary care, studies on individual treatment response should ideally be performed in family practice based populations and reflect an age around 55-60 years, in which diagnosis is commonly made (25, 26) . Selection of predictive characteristics should preferably be based on the actual feasibility of implementation in daily family practice.
The clinical data supporting the A/CD rule, however, do not seem to represent this family practice population. In the two cross-over trials (both with less than 40 patients completing the study) (3, 4) only patients younger than 55 years were included, predominantly male (65-70%) and blood pressure measurements were in supine position. In both studies the setting of patient selection was not described, patients needed to be young and with untreated essential hypertension. In the RCT (24) only male, veteran patients were selected from 15 outpatient clinics, with a mean age of the total study population of 59 years.
We decided to set up a cross-over study to explore whether predictors of treatment response could be identified in a representative family practice population and with a set of potential predictors that are feasible to implement in the family practice setting. A cross-over study design enabled us to study intra-individual treatment responses.
The controversy about the use of age as a predictor of treatment response adds to the relevance of this exploration, especially in a population relevant for family practice. Our primary objective was to identify predictors of the difference in blood pressure response between two classes of antihypertensive drugs with different mechanisms of action representing the most widely acknowledged subtyping of essential hypertension in renin driven hypertension or volume driven hypertension.
Methods

Patients, design and setting
Patients with newly diagnosed hypertension, aged 18-65 years and listed in 10 Dutch family practices affiliated with the Radboud University Medical Center (27) were screened for eligibility to participate in a cross-over study. The methodology, strengths and limitations of the type of cross-over design we used (PROBE: PRospective, Open label, Blinded Endpoint) were described by Hansson et al. (28) .We started patient inclusion in August 2007 and final measurements in the last included patient were finished in February 2011. The study was registered in clinicaltrials.gov under NCT00457483. http://clinicaltrials.gov/ct2/show/study/NCT00457483?term=hypert ension+and+nijmegen&rank=1.
Patients in whom the diagnosis of hypertension was confirmed and who gave written informed consent were included in the study. Exclusion criteria were use of antihypertensive medication, blood pressure higher than 210/110 mmHg, inability to speak or understand Dutch and presence of cardiovascular co-morbidity (diabetes mellitus, peripheral arterial disease, ischemic heart disease, stroke, transient ischemic attack and atrial fibrillation).We excluded these co-morbid conditions because hypertension treatment algorithms for these patients differ from those in uncomplicated patients (9, 21, 22) .
After a 2-week run-in period patients followed a treatment scheme in which a patient started with either one of the following two drugs: hydrochlorothiazide 12,5 mg once daily or valsartan 80 mg once daily, for the duration of 4 weeks. These 4 weeks of treatment with one antihypertensive medicine was followed by 4 weeks of no treatment (washout period). Then the next 4 weeks of treatment started but now with the antihypertensive that was not used in the first 4 weeks. Again this period was followed by a 4-week washout period. The sequence of the use of the two medications was randomized. Included patients were assigned a medication order by the practice nurse. For this purpose, all practice nurses were given a list with a random sequence of the digits '0' and '1' each standing for one order of medications. This random sequence was generated by SPSS version 16 and at the start of the study each practice was given an unique random sequence.
At the run-in, at the start, and at the end of each medication or washout period we measured 24-h ambulatory blood pressure (24-h ABP), office blood pressure (OBP), plasma renin concentration, NT-proBNP, plasma potassium concentration, eGFR, urinary albumin excretion, body mass index (BMI) and waist circumference. At the run-in also age, sex and menopausal state were recorded. The primary outcome measure was the prediction of the difference in mean daytime systolic blood pressure response between both study drugs determined by ambulatory blood pressure monitoring.
Blood pressure measurements
During the eligibility screening performed by the local staff of the family practices a confirmed diagnosis of hypertension (≥140/90mmHg) was based on the mean of blood pressure measurements taken at three different office visits. All practices were provided with two validated oscillometric office monitors (Stabil-O-Graph, I.E.M. GMBH, Stolberg, Germany) (29) . These monitors were exclusively used for study patients and were re-calibrated every 2 years. The office blood pressure measurements during the study were taken by practice nurses who were trained in the methodology of standardized blood pressure measurement.
All 24-h ABP recordings were taken on week days and patients were asked to keep a standardized diary of daily activities. Practices used the same, validated 24-h ABPM device (Mobil-O-Graph, I.E.M. GMBH, Stolberg, Germany) (30) . The measurement interval was 20 min from 7 am to 11 pm and 1 h from 11 pm to 7 am. We defined the mean day blood pressure from 9 am to 9 pm and we used this measure as our primary blood pressure outcome. Only recordings with 70% or more valid readings were used. The display of the device was set not to show the blood pressure values. Ambulatory blood pressure values were not communicated to the patient, prescribing physician and researcher until after completion of the study protocol.
Study variables and study medication
We selected demographic and biochemical variables that family practitioners commonly use or that are easily implemented in daily practice. All blood and urine samples were collected in the morning (before 12.30 pm) and analyzed at one primary care orientated diagnostic centre. Sample analyses were performed batch-wise. The following laboratory tests were used: creatinine (CREA plus, Roche Diagnostics), renin (DSL-25100 ACTIVE Renin IRMA kit, Diagnostic Systems Laboratories), NT-proBNP (Elecsys, Roche Diagnostics), potassium (ISE Indirect, Roche Diagnostics) and urine albumine (COBAS, Roche Diagnostics).
As requested by the local medical ethics committee, prescription of the medication was as similar to usual care as possible and thus according to the recommendations of the Dutch multidisciplinary guideline on cardiovascular risk management (31) . The principle in this guideline is to start with a low dose and if a patient does not reach hypertension control in 4-8 weeks add a second medication rather than increase doses. Therefore patients were prescribed 80 mg valsartan once daily and 12.5 mg hydrochlorothiazide once daily (31) . Following the PROBE design, medication was not blinded for both patients and the prescribing general practitioners. We recorded compliance and adverse events with the use of standardized questionnaires.
Statistical analyses and sample size calculation
First, we applied descriptive statistics to compare baseline patient characteristics of patients who completed the study with those who were lost to follow-up. We used Pearson's test for correlation to study the relationship between the individual blood pressure responses of both medications. We used frequency plots to show the treatment response to both studied medications and to show the difference in treatment response.
Next, with repeated measures analysis we checked for integrity of our cross-over design by assessing whether the mean drop in blood pressure during the medication periods was followed by a full recovery of blood pressure after the washout period. If this would not occur than it is more likely that results of the first period of the cross-over influence results of the second period of the cross-over trial and thus hampering valid interpretation of results. In addition, using a mixed model analysis (with a compound symmetry correlation matrix) we determined whether relevant carry-over, period and treatment effects occurred. These effects could introduce forms of bias specific to a cross-over design. When these effects prove not to be large and not statistically significant conclusions drawn are (more) reliable.
In the final step, according to a per protocol analysis on all patients that completed the second medication period, we performed both univariate and multivariate regression analysis with the difference in mean systolic blood pressure response (blood pressure at start of treatment minus blood pressure after 4 weeks of treatment) between valsartan and hydrochlorothiazide as primary dependent variable. We predefined P = 0.05 as a relevant cut off for inclusion of variables in a multivariable regression model, but we explored for masked associations not using this cut-off in a multivariate backward regression model so that the common effect of the predictors on the treatment response could be determined. Renin and NT-proBNP were modelled after log transformation could be determined.
In the evaluation of blood pressure responses to one of the studied medications, a negative outcome implies that blood pressure rose during treatment. A negative result of the primary outcome measure means that hydrochlorothiazide was more effective in blood pressure reduction than valsartan.
In all analyses we considered a two sided P-value of < 0.05 to be significant. Statistical test were performed with SPSS version 16. (SPSS Inc, Chicago, IL).
With 10 variables that in theory could all be part of the multiple regression model and with a minimum requirement of at least 10 observations per variable (32) a sample size of 100 patients was needed for final analyses. Taking loss to follow-up into account we planned to include 144 patients.
Results
Of 159 patients formally assessed for eligibility, 120 patients signed informed consent and 98 patients were included in the final analysis of the primary outcome. Patient flow and loss to follow up are visualized in Figure 1 . In Table 1 , the main patient characteristics at baseline (start of the first medication period) are depicted.
There was no correlation between the responses to hydrochlorothiazide and valsartan (r = 0.02, P = 0.88). In our study age and renin were not correlated (Pearson correlation coefficient of r = -0.06; P = 0.55). In Figure 2a -c, the frequency plots of the individual responses to both studied drugs as well as the frequency plot of the difference in responses are shown. The differences in systolic blood pressure responses amongst patients ranged from -18 to 34 mmHg and -17 to 39 mmHg for hydrochlorothiazide and valsartan, respectively. Repeated measures analyses on systolic blood pressures demonstrated that there was no significant difference between the daytime ambulatory blood pressure values at the start of the first medication period and at the end of each washout period (Fig. 3) . There was no difference in carry-over effect between both sequences of study medication (P = 0.44) and there was no period effect (P = 0.16). Valsartan reduced systolic blood pressure on average by 3 mmHg more than hydrochlorothiazide (P = 0.04).
We did not find one studied variable to be a statistical significant predictor of the difference in systolic blood pressure response between hydrochlorothiazide and valsartan ( Table 2 ). The effect sizes of most variables-including age or renin-were small. There was a trend for menopausal women to respond better to hydrochlorothiazide than to valsartan.
Discussion
In this study with newly diagnosed hypertensive patients in family practice plasma renin concentration, age, NT-proBNP, potassium, eGFR, urinary albumin, waist circumference, sex, BMI did not predict a difference in systolic blood pressure responses between valsartan and hydrochlorothiazide. The only variable with a large effect size was menopausal status and therefore menopausal women may have had more benefit from hydrochlorothiazide than valsartan.
Our data support the United States and European hypertension guidelines which do not apply an age cut-off or initiation of treatment (9, 21) . Conversely, our data do not support the UK NICE or the Dutch guideline (22,31).
If age and renin would indeed be potent predictors, one would expect to find a majority of studies demonstrating age and renin as potent predictors of the antihypertensive response. However our study of the literature revealed conflicting results, often with weak associations, demonstrating a lack of predictive power (3, 4, 11, (33) (34) (35) (36) (37) (38) .
One explanation why there is no strong evidence for age as a predictor might be that in the age range in which hypertension is diagnosed most frequently, the pathophysiological mechanism of the development of essential hypertension is multifactorial. The model of high versus low renin hypertension appears to apply to a small 96 (12) 96 ( (Fig. 3) was to validate our cross over design (with regard to carry over, period and time effects). For this analysis, data from 83 patients were available. Data from this T5 measurement were not required for analysis of the primary outcome. This analysis was based on data of the 98 patients with full data after two medication periods. Data were collected from 10 family practices in the eastern part of the Netherlands in the years 2007-2011. minority at the lower and higher ages of the general hypertensive population. Our results show that in some individuals differences in blood pressure response are very large. Unfortunately, our study does not help clinicians to tell beforehand what the predominant mechanism in an individual patient is. The search for predictors of antihypertensive treatment response using a cross-over design is not unique. However, in contrast with previous studies our main objective was to present data which can better generalized to everyday family practice.
With our choice to exclude patients older than 65 years and patients with co-morbid cardiovascular conditions our conclusions do not apply to patients aged 65 years and over. We decided to exclude this age group because chances were high that usual care would prohibit us to use the medication regime of our study protocol. Although our conclusions unfortunately do not apply to elderly patients the mean age of the diagnosis of hypertension lies around 55-60 years (25, 26) . In our study sample these patients are part of the sample while in the previous cross-over trials this was not so, patients were considerable younger. We drew a study sample from a relevant, primary care based population and the sample was relatively diverse. However, our results may not apply to populations in other parts of the world and with other characteristics.
Our study has a sample size even bigger than the combined sample sizes of the two cross-over trials used to support the theory of the A/CD rule (3, 4) . However, as can be seen in Table 2 , most effects were small and 95% CI relatively large. With a larger sample some of the effects might have reached significance. Except from menopausal state with an effect size of more than 6 mmHg, most effects would still remain clinically not relevant (<5 mmHg). The relatively large 95% CI's seem to be most likely due to the heterogeneous mix of included patients and the sample size of the study. Because menopausal state was only applicable to women these results were based on 50 instead of 98 observations which may have been the cause of the lack of significance.
Assessment of urinary sodium excretion (10, 11, 23) may have enabled improved subtyping of patients in different sorts of essential hypertension. However, we decided not to include sodium excretion because we deemed it practically difficult to implement in family practice.
We hypothesized that we would find considerable intra-individual differences in blood pressure response to both study drugs, but that the mean blood pressure reduction of valsartan and hydrochlorothiazide would be the same. However, in our study sample valsartan was slightly more effective in reducing blood pressure than hydrochlorothiazide. We aimed to use equipotent doses of both studied drugs (39) , but a minor difference in potency may explain the mean difference in response between valsartan and hydrochlorothiazide. As directed by the local medical ethical committee we were obliged to work exactly according to applicable guidelines and as such could not choose the best possible equipotent doses (valsartan 160 mgr and hydrochlorotiazide 25 mgr).
Implications and considerations for future research
Our current knowledge does not allow pathophysiological subtyping of patients with essential hypertension in order to improve hypertension control in family practice. Nevertheless, some studies have been executed on the use of treatment algorithms based on plasma renin activity; until now results are inconclusive (40) .In our view, it makes more sense to focus future research on new possibilities of subtyping of patients with essential hypertension.
Physicians starting treatment in patients with essential hypertension without relevant co-morbidity have a choice of three to four classes of antihypertensive agents without a clear preference. Except for black patients in whom thiazides and CCB's are preferred, the choice of the first drug is to be based on costs, anticipated adverse events, co-morbidity and patient opinion and for now will remain a matter of trial and error. Menopause n = 50; A positive β means a greater response to valsartan in comparison with the response to hydrochlorothiazide, e.g. in case of menopause a β of -6.98 means that menopausal women respond better to HCT than to valsartan; in case of BMI for each point BMI gain HCT reduces systolic BP with 0.6 mmHg more than valsartan; R-squared is the percentage of the response variable variation that is explained by the factor (0.01 means 1 %). Data were collected from 10 family practices in the eastern part of the Netherlands in the years 2007-2011.
BMI, body mass index.
